Although the development of B-cell precursors in neonatal mice has been well charted (1) (2) (3) , no similar studies exist with respect to the ontogenic development of cytotoxic T-cell precursors. Mosier has shown that both responsiveness to Tcell mitogens (phytohemagglutinin, Concanavalin A) and the ability of cells to proliferate in mixed lymphocyte reactions appear at any early stage in ontogeny, but no functional studies were done (4) . The development in this laboratory of a very efficient method for generating cytotoxic T cells (5) has allowed culture of neonatal spleen cells with allogeneic, irradiated stimulator cells yielding a detectable cytotoxic T-cell response as early as 2-3 days aider birth. Thus, this represents the first demonstration of cell-mediated immunity at such an early stage of development. Since other studies (6) indicated an absolute requirement for antigen-specific helper T cells in the generation of a cytotoxic T-cell response, neonatal spleen cells were cultured with and without extra helper T cells (6) . Addition of helper cells did not facilitate cytotoxic T-cell generation in neonates.
Materials and Methods
Mice. CBA/CaJ neonates and BALB/cCr neonates were obtained through the cooperation of Dr. J. Chlumecky of the University of Alberta Animal Breeding Establishment. Adult BALB/cCr and CBA/CaJ were from the same source and were used at 12-14 wk of age. (BALB/cJ x C57BL/ 6)F1 mice were from The Jackson Laboratory, Bar Harbor, Maine and were used at 7-10 wk of age. A total of 194 postnatal mice were used in these studies.
Newborn mice -a total of 9 litters (46 mice) were tested in four separate experiments. 2-3 days -12 litters (60 mice) tested in four experiments. 4-5 days -8 litters (40 mice) tested in four experiments. 6 days -4 litters (20 mice) tested in two experiments. 8, 9, and 12 days -2 litters each, tested in two experiments. The majority of experiments included mice of several age groups and all experiments included adult positive controls.
Culture System. 1-10 × 10 e neonatal spleen cells were cultured in Marbrook acrylamide tissue culture rafts with 8-16 x-10 e irradiated allogeneic stimulator cells (6) . Assay was as previously described (6) . Number of lymphocytes needed to kill one target cell was calculated as follows:
Number of lymphocytes per same -sample cpm -spontaneous cpm N cpm released/target cell This is expressed in Fig. 3 Machine background of 97 -+ 10 has not been subtracted.
Results
The CBA anti-BALB/c and BALB/c anti-C57B1/6 cytotoxic responses were measured as a function of time after birth. Table I illustrates a representative experiment showing that the competence of spleen cells to generate cell-mediated cytotoxicity in vitro has begun to develop by 3 days after birth and reached substantial levels by 4 days after birth. Peak cytotoxic activity was measured after a culture period of 5 days. Table I also shows the high level of cytotoxicity generated in adult spleen cells which is detected at lymphocyte to target ratios of 0.3:1-2:1. To obtain comparable levels of cytotoxicity from 4-dayold spleen, a ratio of 6.7:1 to 20:1 was required. Cytotoxicity by spleen cells from postnatal mice was eliminated by treatment with anti-theta serum plus complement, and was found to be specific (data not shown).
Newborn mice yielded no splenic precursors of cytotoxic cells even when 107 cells were cultured (equivalent to three newborn spleens per culture) (Fig. 1) . At 2 days of age very few precursors were present in 107 cells, but by day 3 significant and reproducible cytotoxicity could be detected in both strains (107 cells was equivalent to two spleens per culture). When the two strains of mice were compared, it was apparent that spleen cells from 4-day-old BALB/c mice yielded a cytotoxic response that was not paralleled in CBA mice, which required 8-9 days of development before comparable cytotoxicity levels were achieved. In both strains, 12-day-old spleen cells contained many precursors, with cytotoxicity at approximately 23-32% of adult levels.
The apparent lack of cytotoxic T-cell precursors in the period from birth to 2 days of age could reflect a lack of cooperating cells rather than an absence of precursors. This was tested by culturing neonatal spleen cells with or without irradiated adult normal spleen cells which have been shown to provide helper at day 4 after birth; only at day 9 after birth did CBA neonatal spleen cells acquire comparable precursor levels.
To chart the development of cytotoxic T-cell precursors in terms of the relative number of reactive cells as a function of increasing age, it was necessary to normalize the results of several experiments by using several doses of responder spleen cells. This was accomplished by calculating the number of lymphocytes needed to kill one target cell. Thus, less potent populations of cytotoxic T cells require more lymphocytes to kill one target. Spleen cells from mice 2-12 days of age yielded values of from 7 to 700 lymphocytes required to kill one target (obviously, negative cultures have a value of infinity). By comparison, 0.8-1.6 adult lymphocytes are required to kill one target. The reciprocal of this number was plotted as a function of increasing age (Fig. 3) , yielding a line, the slope of which increases gradually, with the most dramatic increase in cytotoxicity occurring between 2 and 4 days after birth.
Discussion
The emergence of cytotoxic T-cell precursors in the early postnatal period is comparable in timing to the appearance of other immune responses and immune-related functions. Rosenberg and Cunningham observed a rapid increase in B-cell precursors immediately after birth, which reached 1/3 of adult levels by 7 days of age (1) . Another cell-mediated function, graft versus host reactivity, appears in spleens after the lst-day with full competence achieved 4 days after birth (8) . Cytotoxic T-cell ontogeny also correlates well with adherent (A) cell development; cells capable of collaborating in an adult B-T cell interaction appear at day 3-4 after birth (7) .
Since spleen cells from 2-day-old mice do not respond to allogeneic stimulator cells even in the presence of excess helper function (as well as excess A-cell function), it is clear that the lack of response is not due to a limitation of helper cells. Thus, the unresponsive state could be due to one of the following alternatives: (a) there are no cytotoxic precursors early after birth, or (b) the splenic environment at these early stages is either specifically or nonspecificaUy sup- 
